Background: Children in residential children's homes (RCH) may be at increased risk for physical inactivity due to decreased access to opportunities for activity. Little is known about environmental determinants of physical activity for children in RCH. Methods: Thirty-minute blocks of MVPA and Total METs were measured using the 3-Day Physical Activity Recall (3DPAR). A staff interview, based on the Structural Ecologic Model of Health Behavior, assessed physical activity opportunities, structures, characteristics, policies, and social environment. Wilcoxon 2-sample tests were used to examine differences in environment by location and presence of a recreation director. Mixed model ANOVAs assessed the differences in child level activity by environmental variables. Results: There were significant correlations between opportunities and characteristics of physical activity, facilities, and equipment with total METS for children. Children in homes with a recreation director and homes in rural locations reported more physical activity. Only rural location had a significant effect on physical activity. Presence of a recreation director was significant in several models. Conclusions: Rural location may be conducive for increased physical activity in children at RCH. Employing a recreation director or other trained personnel may be an important policy determinant of physical activity for children.
More than 520,000 children were living in out-ofhome care in 2002. 1 As of 2006, over 14,000 children were living in foster and group care in North and South Carolina. 2, 3 The average age of entry is 13.6 years and more males (64.7%) than females are living in out-ofhome care. Nationally, 60% of these youth are white and 18% African American. In North and South Carolina, 45.9% are white and 43.1% are African American. 1 Approximately one-third of children in residential care suffer from physical health problems, 4 which may limit the amount or types of activities in which residents can participate. Therefore, children and adolescents in residential care may be at an increased risk for low activity levels because of physical and emotional factors.
Nearly two-thirds (64%) of children and adolescents do not meet the current recommendations for regular physical activity. 5 Only 26% of children in residential or institutional care reported playing a sport with their primary caregiver during the previous 4 weeks. Several factors correlate with low levels of physical activity in children and adolescents including female gender, 6, 7 less maternal education, 8, 9 parents who are not physically active, 7 low income, [9] [10] [11] and lack of proximity or access to facilities and programs. 10, 11 Studies in adolescent girls and college students found that reported access to and proximity of equipment 11, 12 and distance to facilities were correlated with increased physical activity. 11 In adults, exercisers had more access to facilities than sedentary individuals based on self-report assessment of density of facilities or proximity to residence. 13 Access to physical activity structures or opportunities may be related to geographic location and population density as well. The Centers for Disease Control and Prevention 14 reports variation in levels of physical activity by rural and urban areas as well as region of the country. Other studies support that people, including children and adolescents, in rural areas are less physically active than urban residents. 9, 10, 15, 16 One possible reason for these differences may be lack of availability and access to facilities and programs related to physical activity in rural areas. 10, 15, 17 The differences in level of physical activity in rural versus urban locations may also be due to the existence of policies in schools, after-school care and recreation facilities. Sallis and Glanz 18 suggest that children who have increased access to facilities and physical activity opportunities will be more active. Jones, Brener, and McManus 19 found that rural schools scored lower on an assessment measuring healthy school policies, programs and facilities than urban schools. Brownson et al 15 also found that communities with health-related policies had higher levels of physical activity. Jones et al 19 recommend that schools at all grade levels establish policies, implement programs, and improve facilities for a healthier school environment. Children in residential care may also be at risk for physical inactivity due to potential decreased access to physical activity facilities and programs.
Opportunities for physical activity, such as providing programs for children at the home after school; physical structures and characteristics of physical activity opportunities, including ensuring proper equipment and fun activities; cultural and media messages, such as adult modeling and encouragement for activity; and policy factors that can influence physical activity behavior, for instance transportation to activities and scheduled activity time, are important behavioral influences identified by the literature (see Table 1 for additional operationalization). These elements are encompassed by the Structural Ecologic Model of Health Behavior which emphasizes physical and social environment influences on population behavior. 20 The 4-component model, as applied to Residential Children's Home (RCH) organizations, includes opportunities to be physically active (availability of programs and physical structures), characteristics of opportunities to be physically active (characteristics), social environment as it pertains to physical activity (cultural and media messages), and organizational policies and practices related to physical activity (social structures). Each RCH and, consequently physical activity opportunities offered by the RCH, is also influenced by its context including rural or urban location of the organization. In organizational settings, consideration of existing organizational structures is also important (eg, designated staff or committees to plan and oversee provision of physical activity programs and services). 21 This environmental framework, based on ecological theory, has been used to guide a physical activity intervention in middle school settings 22 and to understand the influence of the nutrition environment on fruit and vegetable consumption in RCHs. 23 Opportunities to be active include access to onsite and offsite physical activity programs and access to physical activity equipment (eg, bicycles, balls) and facilities (eg, gym, basketball court). Formal (eg, promotional materials posted in the RCHs) and informal (eg, adult encouragement and participation in physical activity) messages about physical activity are communicated through the social environment. Finally, policies may include rules that can affect access to physical activity opportunities (eg, providing transportation to offsite physical activity) and require participation in activities or to the physical structures and availability aspects of the structural model (eg, required recreation or activity time in the daily schedule).
The existing literature suggests that physical activity may vary by geographic setting and environmental characteristics. [8] [9] [10] [11] [12] [13] 15, 16 Children in RCH live in unique settings that vary in geographic location, social environment, access to facilities and programs, and organizational policies and practices related to physical activity. This understudied population may also be at risk for low PA due to environmental factors. Therefore, this paper has 2 purposes: 1) investigate the influence of location (urban versus rural), organizational structures for PA (presence of a recreation director) and the home environment (having PA opportunities on-and off-site, access to PA equipment and facilities on-site, PA characteristics, PA social environment, and PA policies) on physical activity in the population of RCH children; and 2) examine differences in children's moderate and vigorous physical activity by location (urban/rural), characteristics of the home environment, and organizational structure.
Methods

Participants
Participants were 25 residential children's homes (RCH) in North and South Carolina and 196 children living in 19 of the homes. These RCHs participated in a physical activity and nutrition intervention, Environmental Interventions in Children's Homes (ENRICH). ENRICH worked with adult staff employed in the RCHs to assess and enhance the health-promoting environments in RCHs (to increase MVPA and increase consumption of fruits and vegetables among residents). 23, 24 This study had been approved by the Institutional Review Board of the University of South Carolina. Before data collection, children signed assent forms and a parent/guardian or a case worker from the department of social services provided written informed consent.
The RCHs were classified as rural, large town area, suburban or urban based on census tract data using the Rural Urban Commuting Area (RUCA) system. This 4-tiered system is a consolidation of the ten-tiered classifications. 25 Zip codes of the children's homes were matched to census tracts and RUCA categories, then combined according to the 4-tier codes. Urban areas are defined as built up areas of 50,000 or more people, suburban areas are those with high commuting relationships to urban areas, large towns generally have populations between 10,000 and 49,999 and have high commuting from rural areas, and rural areas are small towns and isolated areas with less than 10,000 people. 25 The classifications were condensed based on commuting definitions so that urban and suburban areas, as well as large towns were combined. Fifteen homes were categorized as rural and 10 as urban using Census Bureau classifications. 25 
Design
The data used in this study were cross-sectional, selfreported data and were collected as part of the ENRICH baseline assessments. Variables included organizationallevel, environmental variables, and individual-level physical activity assessment (RCH residents).
Instruments
Physical activity was measured using the 3-Day Physical Activity Recall (3DPAR). 26 This instrument has been found to be valid and reliable in children. 26 Activities that boys were likely to report were added as the 3DPAR had initially only been used with girls. The 3DPAR had acceptable reliability and validity for adolescent boys and girls. 27 Participants were asked to report activities in 30-minute blocks for each of the previous 3 days. Children reported the primary activity performed from a list of 55. One weekend day was included for 81% of the sample. These activities have assigned MET values based on the Compendium of Physical Activities. 24, 28 Daily METs was averaged over the 3 days. Participants were coded as having 1 or more blocks of vigorous physical activity (VPA; ≥6 METs) or 0 blocks of VPA which is consistent with Healthy People 2010 goal 22.7, 29 and 2 or more blocks of moderate-to-vigorous physical activity (MVPA; ≥3 METs) or 0 blocks of MVPA, which is consistent with the 60 minutes per day recommendation for children's physical activity. 30, 31 A physical activity staff interview in 2004, based on the Structural Ecologic Model of Health Behavior, 20 was used to measure organizational-level RCH physical and social environmental influences on physical activity and nutrition; only the physical activity variables are reported here. Constructs included 1) availability of PA products, services, and structures, 2) characteristics of PA opportunities, 3) social structures, and 4) cultural and media messages. Table 1 provides variables and definitions for each construct that was derived from the structural ecologic model. 20 The staff interview was administered at baseline and once per year throughout the project; baseline data are reported here. Test-retest reliabilities and internal consistency reliabilities were calculated for all variables and are reported in Table 1 . Internal consistency reliability was conducted on the primary sample of homes presented in this study; test-retest reliability assessment was conducted on a separate group of 9 RCHs enrolled in a substudy. Organizational structure for PA (presence of a recreation director in the RCH) was assessed by the organizational assessment which provided descriptive information about the organization (eg, primary services provided, number of employees, number of children served) and was completed annually by the CEO in each RCH. Only baseline data collected in the fall of 2004 are included for the purposes of this study.
Analyses
To address the first purpose of the study-investigate the influence of location, organizational structures for PA, and the home environment on physical activity in RCH children-descriptive statistics were calculated at the home level by urban or rural location and the presence of a recreation director. Wilcoxon 2-sample tests (2-sided) were used to determine if there were differences in the home environment (interview) variables by rural or urban location and whether there was a recreation director or not. These analyses included 23 homes. For the second purpose of the study-examine differences in children's moderate and vigorous physical activity by location, characteristics of the home environment, and organizational structure-descriptive statistics were calculated for demographic and physical activity variables at the child level. Differences in children's physical activity (in METs) by location and presence of a recreation director were calculated using 2-sided t tests. Correlations between total METs reported by children and the home environment (interview) variables by rural or urban location and presence of a recreation director were calculated. Mixed model ANOVAs were then performed with presence of a recreation director and an environmental variable (from interview). These models were adjusted for child's age, sex, BMI, and time in the home.
Results
Definitions for environmental variables, test-retest reliabilities and Cronbach's alphas are reported in Table 2 . There were no differences between rural and urban homes on environmental characteristics in the Wilcoxon tests (Table 3) . Child-level sample characteristics are provided in Table 4 . Of the 19 homes with child-level data, 12 were rural. The mean age was 14.7 (SD = 1.7, range 11.0-18.0). Nearly two-thirds of children reported 2 or more blocks of moderate-to-vigorous physical activity, consistent with the recommended dose for children. 30, 31 Slightly more than half (56.1%) of children were in homes with a recreation director, and 63.3% were in rural homes. As shown in Table 5 Results of 2-sided t tests showed that homes with a recreation director reported significantly more METs (47.3 ± 15.5) than homes without a recreation director (37.9 ± 11.3, P < .01). Children in rural homes reported significantly more physical activity (45.1 ±15.6) than those in urban homes (39.8 ±12.0, P < .05).
Separate mixed model ANOVAs with home as a random variable were conducted for environmental variables and the presence of a recreation director. ANOVAs controlled for child's age, sex, BMI, time in the home, and whether the state was in North or South Carolina. A summary of the results examining the effects of the recreation director and the environmental variables on METs are shown in Table 6 . PA Structures and PA Social Environment were the only significant environmental predictors of physical activity in children, adjusting for the presence of a recreation director and child characteristics; the presence of a recreation director was significant in several models: PA Social Environment, PA Structures, PA Policies, PA Characteristics, and urban/rural location.
Discussion
The prevalence of overweight and obesity in children under the age of 18 is increasing, especially in children and adolescents from low-income families and areas without access to facilities and physical activity programs. However, very few studies focus on physical activity and determinants of activity for children living in out-of-home care. In this sample nearly two-thirds of participants (64.0%) reported ≥2 blocks of MVPA. That proportion is similar, but slightly less than the proportion reporting ≥2 blocks of MVPA in a sample of 2744 high school girls (68.6% to 72.9%), 33 and similar to a sample of 180 Australian adolescent males. 34 Contrary to other findings, 9,10,15,16 children in rural RCH reported significantly higher total METS compared with children living in urban RCH. Felton et al 35 found no differences between urban and rural locations in a sample of 1668 eighth-grade girls, and Sjolie and Thuen 16 reported that urban adolescents in Norway walked and Note. n = 196 as 3 homes did not complete the interview items. Models were adjusted for age, sex, BMI, 1+ years of stay (1 = yes, 0 = no), and whether the home was in North or South Carolina with home as a random variable.
cycled to regular activities more than rural adolescents. However, in a study of Texas children and adolescents, urban 8th-and 11th-graders reported the lowest amounts of physical activity. 36 Rural children were approximately twice as likely to report attending physical education regularly, school sport team participation, and 11th-grade rural boys were more likely to report vigorous physical activity on 3 or more days per week. 36 This finding is somewhat consistent with Liu et al 37 who found that rural children were less likely than urban children to be physically inactive. These results are also aligned with Loucaides et al 17 who found that rural school children in Cyprus were more active during the summer months.
The mixed results in the literature may suggest that other environmental factors are influencing activity other than geographic location. Rural or urban location may be a confounder of other environmental variables such as access and proximity.
Environmental variables in this analysis were developed based on the structural ecologic framework by Cohen et al, 20 and included the home-level variables on-and off-site PA opportunities, physical structures (equipment and places), social environment, and social structures (PA policies). In this sample total METs was positively correlated with several home-level environmental variables reported by the organization including Off-Site PA Opportunities, On-Site PA Opportunities, PA Characteristics, PA Social Environment, Equipment, and Places. While little is known about the socioeconomic status of children in RCH, a study of families within the child welfare system found that nearly two-thirds (65%) of households had incomes of less than $25,000. 38 These results are similar to findings in Gordon-Larsen et al 39 that found reduced access to facilities for physical activity was associated with less physical activity in minority and low-socioeconomic status groups. Roemmich et al 40 also found that increased proximity to parks was correlated with more physical activity in young children. The importance of the organizational structure component was supported by results related to the recreation director. In unadjusted models, there was no significant difference in total METs in homes with compared with homes without a recreation director. Yet when included in the mixed model ANOVAs with environmental variables (ie, PA Social Environment, PA Structures, PA Policies, PA Characteristics), the presence of a recreation director was a significant predictor of physical activity in children. At the organizational environment level, homes with a recreation director reported higher PA Characteristics, PA Off-Site Opportunities, and more Places to be active. These results suggest that organizational structures such as the presence of a recreation director may be considered as part of the structural environment within RCH. Cohen et al 20 suggest that social structures can enhance the utilization of physical structures. This may explain the perceptions of more PA facilities and opportunities by staff in homes with a recreation director.
The presence of a recreation director may be perceived simply as a proxy for RCH resources or having a recreation director on staff may be viewed as a policy variable. In RCH the recreation director is not a member of the community, but rather a paid staff. If the RCH values having staff time specifically devoted to recreation then having a recreation director would be an organizational policy because the RCH is prioritizing recreation by ensuring a staff member ensuring safe physical activity opportunities, whether on-or off-campus.
Therefore, the most important policy for the unique setting of an RCH may be to have a recreation director. The CDC recommends the incorporation of trained recreation personnel to provide knowledge and skills to promote physical activity in children in addition to physical and social environments conducive to activity. 41 Renovations to the built environment may increase physical activity in children. 42 However, having a trained, skilled person directing physical activity may be more important for children in RCH than enhancing only the built environment. This conclusion may be supported by the evidence linking highly trained physical education teachers with increased activity in children. 43 Future research may further investigate the implications of hiring a recreation or physical activity director on children's physical activity in organizational settings.
The results of this study provide greater insight into the environmental variables affecting physical activity in children living in RCH. However, the findings must be taken within the context of certain limitations. First, the analysis was cross-sectional. This limits the inferences to associations only and does not allow for causal interpretations. Second, the variables in this study were operationalized in a unique way that may not be generalizable to other settings. The measures were developed using the structural model of health behavior developed by Cohen et al. 20 However, RCH are a specific setting and the findings may have limited external validity. Lastly, the use of self-report to assess child physical activity may lead to overestimations of total METs. 44 The 3DPAR was selected because of the previously established validity and reliability among children.
This study suggests that there are differences in environmental supports for physical activity in RCH in North and South Carolina. Moreover, these differences may be attributable to the presence of a recreation director, which may be a proxy for CEO support of physical activity. An important structural or policy implication for RCH may be to employ a recreation director or other staff in this role to ensure that RCHs use available on-and off-site resources to provide and facilitate children's access to PA opportunities and to raise awareness among children of the various opportunities available at each RCH. Since activity levels were relatively low in this sample, more research is needed to identify strategies for increasing activity in this population. Future studies with a larger number of homes and further evaluation of the social and built environments may strengthen the evidence for the impact of a recreation director. Teasing out the importance of the recreation director and the responsibilities of this staff member, particularly the interplay among resources, policy, and organizational priorities, may be critical to understanding organizational environment influences on children's physical activity in this setting. Finally, more evidence is needed to examine the potential effects of the built environment in conjunction with programming that might increase physical activity in these children.
